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Discussion and decision
1   Introduction
Coordinate Multipoint (CoMP) transmission and reception have been widely studied during the LTE-Advanced Study Item. A dedicated CoMP Study Item has been approved at RAN#47, to start in June 2010, but was kept on hold for the remaining part of Rel-10. A revised Study Item description [1] was agreed at RAN#50, whose objectives are as follows:
"The framework of the CoMP study shall cover both intra-eNodeB as well as inter-eNodeB CoMP, and include investigation of spatial domain cooperation, e.g., spatial domain inter-cell scheduling and/or interference coordination, and other cooperation methods. The detailed objectives are as follows.

· Consider whether further refinements to the simulation assumptions from the agreements reached during the LTE-Advanced study item are needed to align with potential deployment scenarios, considering possible antenna configurations, data traffic model, network synchronization accuracy, and coordination capability including centralized or distributed scheduler assumption and their message exchange data rate and latency
· Evaluate the performance benefits of CoMP operation and the required specification support for the following scenarios: 

· Inter- and intra-site CoMP in homogeneous macro networks 
· Coordination between a cell(s) and the distributed RRHs connected to the cell(s): negligible latency is assumed over the interface between a cell(s) and the RRHs connected to the cell(s). The RRHs may or may not form separate cells from the cell to which they are connected. The coordination between amongst different 
· Coordination between different cell layers and within a cell layer in heterogeneous networks: coordination is performed between a macro cell(s) and small cells in the coverage of the macro cell(s). The small cells may be non-uniformly distributed in the coverage of a macro cell(s). 
· Identify potential enhancements for DL-CoMP operation (relating to JP and/or CB/CS) in the following areas:

· Control signalling and procedures on Uu and network internal interfaces
· UE feedback of downlink channel state information for multiple cells configured in the CoMP operation.
· Uplink sounding 
· Identify potential standardization impact for UL-CoMP operation and evaluate its performance benefit. 
Detailed work plan is as follows:

1. Develop simulation assumptions for the case of having high capacity and low latency communication between transmission points
2. Evaluate constraints from lower capacity/higher latency communication between transmission points (including applicability and impact of these constraints) on performance gain of schemes/modes, develop corresponding simulation assumptions

3. Evaluate applicability of X2 for different CoMP modes/schemes (e.g. joint processing) 

4. Recommend way forward on actual design principle with its related scenario(s) for the high capacity/low latency inter-point communication and, if possible, provide clear view on what will happen with extension to the lower capacity/higher latency inter-point communication 

Tradeoff between the limit to the feedback overhead, which may be related to certain feedback schemes, and achievable performance benefit should be evaluated and taken into account." 
This contribution presents our views on the evaluation methodology for the remaining work to be performed on CoMP in the framework of this Study Item.
2   Targeted performance benefits of CoMP
CoMP is expected to provide performance gains compared to single-cell operation, in terms of cell-edge user throughput and/or cell capacity. From an operator's perspective, improving the user experience at the cell edge is highly beneficial in order to provide the end user with a more homogeneous experience thoughout the network. Nevertheless, in highly loaded scenarios, increasing the cell capacity while maintaining acceptable user throughput at the cell edge is also a desirable benefit. In all cases, improvements on either metric should not be achieved at the expense of a degradation on the other. 

Proposal 1: CoMP should target primarily 
- cell-edge user throughput improvements in low to medium loads, and 
- cell-edge user throughput and/or cell capacity improvements in highly loaded scenarios (to be set by operator policy), 
with no degradation on either cell-edge user throughput or cell capacity compared to non-CoMP operation.
In addition to the traditional metrics of user throughput, cell thoughput and cell-edge user throughput, it might be useful to also assess the improvement brought by CoMP on the homogeneity of the user throughput throughout the network. The homogeneity of the user throughput can be quantified by using the Jain index [7], defined as
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 is the variance of the average user throughput. The user throughput here refers to the perceived user throughput, i.e. the full buffer user throughput in case of full buffer simulations, and the amount of data (i.e. the file size) divided by the time needed to download the data in case of non full buffer simulations. Therefore, 
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 when the variance is infinite, i.e. there is an extremely high discprepancy between the user throughputs, and 
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 when the variance is zero, i.e. when all the user throughputs are equal. Obviously, improving the Jain index is beneficial only if it is associated with no loss in cell capacity nor cell-edge user throughput. 

Proposal 2: RAN1 to consider adopting the Jain index as an additional metric for performance evaluations.

3   Impact on Rel-8/9/10 UEs
Rel-11 Downlink CoMP, if specified, will be in essence a non-backward compatible feature, since at least a new multi-cell feedback will be required. Therefore, UEs from previous LTE releases will not be able to take advantage from Rel-11 DL CoMP. Nevertheless, the impact on the legacy UEs performance should also be part of the investigation. Indeed, legacy UEs will be present in the networks, so that any degradation to their performance should be carefully understood in order to provide the full picture about the CoMP introduction. For instance, the CSI-RS and PDSCH muting settings might lead to different trade-offs between enhancing the multi-cell channel estimation quality, and degrading the legacy UEs performance. 
Proposal 3: The impact on legacy UEs performance should be part of the CoMP investigations.
UL CoMP may be achievable in a fully backward compatible manner, but in this case may not require any update in the physical layer specifications. Nevertheless, performance evaluations of backward compatible UL CoMP might be useful to assess the performance benefits of standardizing modifications to other parts of the system, e.g. the X2 interface. In general, allowing legacy UEs to take advantage of UL CoMP is obviously desirable.
Observation: Applicability of UL CoMP to legacy UEs is desirable.
4   Antenna configurations

The antenna configurations for CoMP should take into account the prioritization proposed by operators in [2] for macro cells. At least for 4 Tx, this prioritization was dictated mainly by practical deployment constraints (e.g. size and visual impact), which will not change for CoMP. Nevertheless, a different configuration prioritization can be considered for 8 Tx based on a better view on equipements feasibility and deployment constraints. New antenna configurations can be added to the list of investigated configurations if they are expected to provide good performance in practical deployment scenarios. 
For low power nodes, due to the site, cost and power constraints, applicability of some of the antenna configurations in [2] may be less attractive for practical deployment. Hence, the antennas configurations should be discussed for low power nodes.
Priority should be given to evaluate the gains achievable with realistic antenna deployments in the Rel-11 timeframe, i.e. 2 and 4 Tx per cell.
Note that antenna configurations favourable to CoMP might be less appropriate for single-cell SU-MIMO, which is expected to remain the most commonly used MIMO scheme. 

Proposal 4: The antenna configurations for CoMP should take into account the prioritization proposed by operators in [2] for macro cells. Priority should be given to 2 and 4 Tx per cell.
5   RRH deployment scenarios

Remote radio head (RRH) is applied for the purpose of inter-cell radio resource management and efficient coverage enhancement. The RRH has already been employed in the existing 2G and 3G radio access networks (RANs). It is sufficiently small so that it can easily be installed near antennas, thus reducing the RF cable loss. Considering the transmit power of RRH, not only a low power one which is already assumed in the current Heterogeneous Network simulation assumptions [5], but also a high power one same as that of the eNodeB has been widely employed in the existing 2G/3G RAN. In LTE-Advanced, RRH will be applicable not only to small cells such as picocells but also to macrocells, as depicted on the figure below, since there is no restriction on the power amplifier implemented. 
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Figure 1: Use of high Tx power RRHs for macrocells.
Considering its merits of fast radio resource management among different cell sites and fast signaling between transmission points, RRH will be one of the appropriate transmit nodes for Rel-11 CoMP. We suggest that the RAN1 study should include a deployment scenario exploiting RRHs that have the same power class as the macro eNodeB for Rel-11 CoMP.

Proposal 5: RAN1 should study a deployment scenario exploiting RRHs that have the same power class as the macro eNodeB for Rel-11 CoMP.
6   Backhaul modelling for inter-eNodeB CoMP

Inter-eNodeB CoMP will make an extensive use of the backhaul network for control (e.g. CSI exchange, scheduling assignments, for CB/CS and JP) and possibly data (for JP) information exchange between cooperating nodes. Nevertheless, as already pointed out in [3], the backhaul latency and capacity characteristics will vary according to the deployments. Therefore, it appears useful to design inter-eNodeB CoMP techniques that can adapt to various backhaul characteristics, or to design different techniques for different backhaul scenarios. In particular, techniques which do not need a low-latency backhaul network will be useful for deployments where fiber is not available.

The SID requests to develop simulation assumptions corresponding to lower capacity/higher latency communication between transmission points. 

The capacity might be an issue especially for JP (in UL and DL) and dynamic cell selection, where the user data need to be exchanged between the serving cell and the other cells in the CoMP cooperating set. A capacity limit could be accounted for in the simulations by imposing limits on the amount of data to be exchanged per TTI. Such a limit could translate into constraints on the number of users being served in a CoMP way per eNodeB, and on the cluster size (for some backhaul network topologies, e.g. ring).

Various backhaul latencies can be modelled in the simulations by introducing an extra delay between the CQI/PMI measurement and its availability at the non-serving cells involved in the CoMP cooperating set. This approach was already used in [4]. A certain range of backhaul latencies [X ms - Y ms] could therefore be defined, together with a number of simulation points within this range. 
Further studies are needed to provide the actual values to be used.

7   Traffic models
During the LTE-Advanced Study Item, the CoMP performance was benchmarked against Rel-10 (single-cell) MU-MIMO. The baseline scenario for CoMP evaluations is given in [5] for intra-eNodeB CoMP only. Only full buffer simulations were performed, with 10 and 2 UEs per cell. The 2 UEs per cell setup was considered to investigate limited user density scenarios, where MU-MIMO user pairing is hardly feasible. Indeed, in practical networks at a normal operation point, the active user density is generally low. CoMP is expected to have more potential than MU-MIMO to provide gains in such scenario. In order to evaluate the performance benefits of CoMP to the end user over a wide range of network loads / user densities, non full buffer traffic should be used. Such non full buffer simulations were agreed for intra-eNodeB CoMP in [6]. FTP traffic models together with the associated simulation methodology were subsequently agreed and captured in Section A.2.1.3.1 of TR 36.814 [5].

Proposal 6: CoMP techniques should be evaluated for the FTP traffic models and methodology described in Section A.2.1.3.1 of TR 36.814, in addition to regular full buffer simulations.
8   Other aspects

How to set the CoMP cooperating sets, i.e. clustering, is expected to play an important role in the CoMP operation and performance. Two main families of clustering schemes can be distinguished: UE-specific clustering and network-based clustering, where UEs in the same geographical area belong to the same cooperating set. In particular to study network-based clustering, it might be beneficial to model shadowing correlation, so that two geographically close UEs experience a similar shadow fading to a given transmitting point. Note the ITU channel models [8] support the correlation of shadow fading. 

Proposal 7: Consider modelling shadowing correlation. 
It is expected that CoMP will be sensitive to nonidealities in the radio operation, such as channel/interference estimation errors, feedback errors and delay, time/frequency synchronization impairments, antennas mis-calibration (for UL-DL channel reciprocity). Non idealities should be taken into account from the beginning in the design of the CoMP functionality, in order to allow the implementation of schemes robust to real world impairments. In particular, the robustness to the previously mentioned impairments should be assessed for the CoMP techniques candidates for being standardized.
Proposal 8: Robustness to real-world impairments should be evaluated for the CoMP techniques candidates to standardization.
Among the remaining issues to be solved to enable CoMP operation, multi-cell feedback is expected to have a key impact on the CoMP performance. Careful attention should be paid to the resulting increase in feedback overhead, which should be justified by related performance enhancements. 

Proposal 9: Increased feedback overhead should be justified by performance enhancements.

PDSCH muting has been standardized in Rel-10 to enable efficient multi-cell channel estimation. Nevertheless, high CSI-RS pattern reuse with low duty cycle, combined with muting of a high number of interfering cells can create a non-negligible overhead in the downlink. This overhead should be accounted for in the evaluations.

Proposal 10: The CSI-RS pattern and muting overhead should be taken into account in the performance evaluations.  

A reference system against which Rel-11 CoMP techniques will be benchmarked is needed. At least the following options are possible

1. Rel-10 SU/MU-MIMO & eICIC (for Het Nets)
2. Rel-11 SU/MU-MIMO & eICIC (undefined yet)

3. Rel-10 SU/MU-MIMO with (standard-transparent) CoMP, e.g. using the UL-DL channel reciprocity to acquire CSI, & eICIC
CoMP techniques in Rel-10 were avaluated against Rel-10 MU-MIMO, which at that time allowed explicit feedback. Following the same philosophy as in Rel-10 would then suggest going for option 2. Nevertheless, in the end explicit feedback was not standardized in Rel-10, which may have (or not) biased the comparison. Similarly, if e.g. PUSCH mode 3-2 is used for CoMP, it would seem fair to compare CoMP to SU/MU-MIMO using mode 3-2 as well. However, the situation could be that the gains of mode 3-2 for SU/MU-MIMO are not sufficient by themselves, so that only CoMP would justify introducing it. In this case, again, CoMP would be compared to a reference that would not exist in the end. Therefore, we have a slight preference to either option 1 or option 3.
Proposal 11: A reference system should be defined for CoMP performance gains evaluation.
The UE receiver has an impact on the CoMP gain. For example, the CoMP gain is expected to be smaller with an IRC receiver compared to the case without IRC receiver, due to the interference suppression already achieved by IRC. All the UEs on the field may not support IRC, therefore we think that the CoMP gains should be evaluated with both MRC and IRC receivers at the UE.
Proposal 12: CoMP gains should be evaluated with both MRC and IRC receivers at the UE.
9   Conclusion
This contribution has presented our views on the CoMP evaluation methodology. Our proposals are summarized below:
Proposal 1: CoMP should target primarily 
- cell-edge user throughput improvements in low to medium loads, and 
- cell-edge user throughput and/or cell capacity improvements in highly loaded scenarios (to be set by operator policy), 
with no degradation on either cell-edge user throughput or cell capacity compared to non-CoMP operation.
Proposal 2: RAN1 to consider adopting the Jain index as an additional metric for performance evaluation.

Proposal 3: The impact on legacy UEs performance should be part of the CoMP investigations.

Observation: Applicability of UL CoMP to legacy UEs is desirable.
Proposal 4: The antenna configurations for CoMP should take into account the prioritization proposed by operators in [2] for macro cells. Priority should be given to 2 and 4 Tx per cell.
Proposal 5: RAN1 should study a deployment scenario exploiting RRHs that have the same power class as the macro eNodeB for Rel-11 CoMP.
Proposal 6: CoMP techniques should be evaluated for the FTP traffic models and methodology described in Section A.2.1.3.1 of TR 36.814, in addition to regular full buffer simulations.
Proposal 7: Consider modelling shadowing correlation. 
Proposal 8: Robustness to real-world impairments should be evaluated for the CoMP techniques candidate to standardization.

Proposal 9: Increased feedback overhead should be justified by performance enhancements.

Proposal 10: The CSI-RS pattern and muting overhead should be taken into account in the performance evaluations.
Proposal 11: A reference system should be defined for CoMP performance gains evaluation.
Proposal 12: CoMP gains should be evaluated with both MRC and IRC receivers at the UE.
In addition, initial ideas have been given on how to model backhaul capacity and latency in RAN1 simulations.
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